Abstract-This paper presents a distribution planning on a geographical network, using improved K-means clustering algorithm and is compared with the conventional Euclidean distance based K-means clustering algorithm. The distribution planning includes optimal placement of substation, minimization of expansion cost, optimization of network parameters such as network topology, routing of single/multiple feeders, and reduction in network power losses. The improved Kmeans clustering is an iterative weighting factor based optimization algorithm which locates the substation optimally and improves the voltage drop at each node. For feeder routing shortest path based algorithm is proposed and the modified load flow method is used to calculate the active and reactive power losses in the network. Simulation is performed on 54 nodes based geographical network with load points and the results obtained show significant power loss minimization as compared to the conventional K-means clustering algorithm.
I. INTRODUCTION
Automated distribution system expansion planning is an active field of research and attracted attention of researchers in the last decade. Switching to automated system due to various reasons has led to various benefits, like minimization of expansion cost, optimal placement of distribution system, and reduction in system's failures/faults. The planning includes optimal routing of single/multiple feeders, optimize network design parameters such as network topology, branch conductor size and the reserve location for future placement of substations. The significant part of the investment cost is closely related to the size of the substation, length of feeder, losses in the network, and voltage drop subject to the distance between substation and the loads.
In this paper a new distribution system planning algorithm is developed to meet the following objectives:
1. Optimal placement of substation 2. Optimization of feeder length 3. Power loss minimization and 4. Voltage drop improvement Improved K-means clustering algorithm is developed for the optimal placement of substation as well as to improve the voltage drop and is compared with the conventional K-means clustering algorithm. A new shortest path based feeder routing algorithm is proposed to optimize the feeder length while modified load flow method proposed by Das et. al. [1] is used to calculate the power losses in the network. The structure of the paper is organized as follows: Section II presents the related work, Conventional K-means clustering algorithm is presented in section III, while the improved K-means clustering algorithm is discussed in the section IV. Section V describes the process to find the optimal location of substation. Modified load flow method is presented in section VI. Section VII deals with the shortest path based single/multiple feeder routing algorithm. Results and discussions are presented and described in section VIII. Section IX contains the conclusion while references are provided at the end.
II. RELATED WORK
Various approaches have been proposed in the past by researchers and scientists to: In 1991 the method proposed by Ramirez-Rosado and T. Gonen [2] used the concept of pseudo dynamics to expand the power distribution systems. The method uses minimization of non-linear optimization problem to meet the objective. In the same year Nara and team [3] has developed a multi-year expansion planning model for distribution systems. The method uses decomposition algorithm based on branch exchange method in which nyears planning problem is decomposed into one-year planning problem, and one-year results are coordinated through.
In the previous decade, efforts have been made on multistage expansions like cost and complexity analysis when execution is performed at once and when performed in phase wise manner (5/10/20 years). Multistage problem is addressed by Ranjan et. al [4] in 2002 and Vaziri et. al [5] in 2004. A generalized optimization framework is designed by Ranjan to address the issue of substation planning, expansion cost, and optimal selection of branch conductor. The optimization framework incorporates heuristic rules and modified load flow [1] , while the method presented by Vaziri used graph theory and numeral analysis technique to solve the complex mathematical non-linear optimization problem.
Many researches have been performed in the current decade to minimize the investment cost while considering the system security. A weighted K-means clustering method is developed by Peng and Liu [6] in 2009. The author's goal is to minimize the investment cost while the system is protected by dividing the load points into small clusters. In 2010 Ouyang et. al [7] presented the concept of integration of distributed generation (DG) for distribution network planning. The author's goal for the integration of DG is to cut the peak load to minimize the cost as well as to improve the efficiency of the network. Low utilization efficiency generally occurred during peak load in conventional distribution network which resulted in high risk and high investment. Later some mathematical models have been proposed by some researchers to solve distribution substation planning such as integer linear programming, mixed integer non-linear programming, and network flow programming.
III. K-MEANS CLUSTRING ALGORITHM
Clustering technique is required in many different applications, such as data mining and knowledge discovery [8] , pattern classification and recognition [9] , and data compression and vector quantization [10] . Kmeans clustering is a simple and well known clustering algorithm and is closely related to number of other clustering and location problems [11] . K-means is more efficient and unsupervised learning algorithm for classifying observed data. Euclidean distances is the main factor in evaluating the distance between different points and are then grouped into clusters. In K-means clustering it assumes that object attributes are from a vector space [6] . The objective is to minimize the squared error function or total intra cluster variance as given in the equation below:
Where, N is number of clusters is the data points in i th cluster and, is the mean point of centroid of all data points .
K-means clustering divides the complete data into N clusters either randomly or by using some pre-defined centers. After it calculates the mean of all data to find the centroid of each cluster set. Then the centroids are recalculated using the equation (2) and it repeats until the convergence criteria is met (i.e. centroid does not change).
IV. IMPROVED K-MEANS CLUSTERING ALGORITHM
As discussed above that K-means forms the clusters on the basis of distance. Loads at nodes points are also an important factor in distribution network planning and plays a crucial role in minimizing the power losses in the system. In order to prioritize the load points, load weight factors ( ) are given to all data points. The load weight factor is calculated by the iterative process and taken as 2.5% of the node's load if the node's load is greater than or equal to the mean of all loads. On the other hand, the load weight factor is taken as 2.8% of node's load. The new objective for improved K-means clustering algorithm is given as:
The centroid will be calculated from the following equation:
Substation optimal location placement is a highly complex and challenging task. The capacity load, annual load growth as well as distance of load points from substation are an important factor in distribution network planning and play a crucial role in minimizing the power losses in the system. Author [4] considered the power loss minimization objective to find the optimum location of substation while Peng et. al [6] considered the weight factors to model their algorithm. Annual growth factor is an important aspect of future planning, hence annual growth factor, capacity load, distance between load points, and power loss minimization is considered in this paper. The algorithm has been applied on a system having 54 nodes points with geometric as well as load information [4] . In order to get the optimal substation location, the Table 1 . Electrical equivalent of figure (1) is shown in figure (2) . 2. Calculate current, total real and reactive power loads fed through node 2 using the equation (5) -
From equation (5) and (6) is calculated as:
Where and are total real and reactive power loads fed through node 2. sum of the total real power loads of all the nodes beyond node 2 plus the real power load of node 2 itself plus the sum of the real power losses of all the branches beyond node 2.
sum of the reactive power loads of all the nodes beyond node 2 plus the reactive power load of node 2 itself plus the sum of the reactive power losses of all the branches beyond node 2. Equation (7) can be written in generalized form as: (8) Where, 
is the branch number, and are sending-end and receiving-end nodes respectively ( and ). Real and reactive power losses in branch 1 can be given by: 
VII. FEEDER ROUTING USING SHORTEST PATH BASED ALGORITHM
The main objective of feeder routing is to minimize the feeder length in order to decrease the cost and to minimize the losses. Resistance (R) and reactance (X) will be required to calculate the power losses in a network. Since R and X is closely dependent on distance as can be seen from the table 2, hence shortest distance based path selection is used to route the feeder throughout the network. Any load point at geometric position X and Y will be connected to its neighbor having minimum distance from the load point. Since the feeder will emerge from the substation so it will find the best neighbor on the basis of distance, and this neighbor will search for another. Once more than 1 node is connected then the node having minimum distance from any one of the connected nodes will be selected for further routing. Suppose we have 10 nodes and a substation as shown in the figure (3) then the substation will be connected to the node having minimum distance from the substation i.e. node 6. Next the node 6 will follow the same process and search its best i.e. node 2. While in the next step both the nodes 6 and 2 will search for the best node and will be connected to node 10 which is best for node 6 and so on. The connection is shown in the figure (4) . At the end direction of connections will be stored in a matrix for load flow analysis. As discussed above the investment cost is directly proportional to length and power losses in the system. Length based shortest path algorithm is developed in order to minimize the power losses as well as the investment cost. In this paper 10 years of planning, single, and multiple feeder routing are considered. 7% of the annual growth factor is considered to model the 10 years of planning and can be achieved by the equation (15) (15) The description of the terms used in the equation (15) are given in the improved K-means section. Power loss is calculated using the modified load flow method. Table 4 contains 54 nodes based geographical network with load points for the simulation and analysis purposes [13] .
Case I. Single feeder routing and substation placement in initial phase:
In the initial phase only one feeder will emerge from the substation and route throughout the network. The routing will be performed according to shortest path based routing algorithm described in the feeder routing section. Optimal location of substation with single feeder routing with improved K-means and K-means clustering are shown in the figure (5) and figure (6) . Total feeder length, active, and reactive power losses are obtained by applying modified load flow method. After modified load flow the results obtained by using both improved Kmeans and K-means clustering are shown in the Table 3 . 
Case 2: Triple feeder routing after 10 years
After 10 years' substantial amount of load will increase in the network and thus single/double feeders fail to fulfil the demand economically. In order to fulfil the demand economically more than two feeders will be required because total active and reactive power losses will increase up to 496.88% in K-means clustering while 453.31% in improved K-means clustering with single feeder. While in the case of double feeders the amount will increase up to 301.37% in K-means clustering while 275.149% in improved K-means clustering. In this case triple feeders are routed to minimize the active and reactive power losses in the network. The results thus obtained after load flow analysis for both the improved K-means and K-means clustering are shown in the Table  5 . Triple feeder routing for both the cases are shown in the figure (7) and figure (8). In this paper a novel improved K-means clustering algorithm is proposed on a geographical network and compared with conventional K-means clustering algorithm as the distribution planning includes the optimal placement of substation, network parameter optimization, power loss minimization, minimization of expansion & investment cost. Distance between substation and load points are the major factor for voltage drop and leads to power losses in the network. A novel Euclidean distance with weighting factor based improved K-means clustering algorithm is proposed in this paper to improve the voltage drop and to minimize the power loss in the network. Single/Multiple feeders are routed throughout the network using shortest distance based algorithm and the modified load flow method is used for the calculation of active and reactive power in the network. 54 nodes based geometric network is used in this paper for results and analysis purposes. 
